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METHOD FOR USING AQUEOUS
TWO-PHASE SYSTEM FOR THE
ISOLATION, PURIFICATION AND/OR
CONCENTRATION OF SHORT NUCLEIC
ACID FRAGMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional application of U.S. Ser.
No. 16/646,582 filed on Mar. 12, 2020, which 1s the national
stage of International Application No. PCT/US2018/0513534
filed on Sep. 17, 2018, which claims the benefits of U.S. Ser.
No. 62/560,180 filed on Sep. 18, 2017. The entire contents
and disclosures of the preceding applications are incorpo-
rated by reference into this application.

FIELD OF THE INVENTION

This 1invention relates to a method for the isolation,
concentration and/or purification of short nucleic acid frag-
ments 1 an aqueous two-phase system (ATPS). In particular,
the present invention provides a method, a kit and ATPS
components for the 1solation, concentration and/or purifica-
tion of short nucleic acid fragments from biological mate-
rials. The present application cites various publications, the
entire contents of which are incorporated herein by reference
into this application.

BACKGROUND OF THE INVENTION

Since the discovery of polymerase chain reaction or
simply PCR 1n 1983, whole genomes have been sequenced
and numerous discoveries 1n the fundamental understanding
of life sciences and key medical advances have been made
possible because of it. Entire fields of technological 1nno-
vations have been born for making PCR more eflicient, more
ellective, and less costly. And because nucleic acids are both
the mputs and the outputs of PCR, tireless eflorts have been
and are continuing to be expended to make their upstream
preparation and downstream analysis more accurate, pre-
cise, rapid, and cost-eflective.

The marginal gain for efliciency 1s hitting a plateau with
diminishing return of scale. This bottleneck 1s especially
evident when the need to i1solate small nucleic acid frag-
ments under 250 base pair (bp) 1n length. One field 1n which
the need to Isolate, purily, and concentrate small nucleic acid
(NA) fragments 1s the recent advent 1n the field of liquad
biopsy. Liquid biopsy 1s based on the capturing and ampli-
fication of cell free DNA (cIDNA), specifically circulating
tumor DNA (ctDNA), thus obtamning early diagnosis of
tumorigenesis or recurrence of cancer in patients who are in
remission. Circulating tumor DNA (circulating tumor
ctDNA) 1s a type of DNA fragment derived from the tumor
cells having the size of between 100-300 base pair. Circu-
lating free DNA (cIDNA) released by tumor cells preserves
the characteristics of the i1ssue of origin. Analyzing and
studying the ciIDNA allow the genetic characterization of the
tumor by a non-invasive process compared to the conven-
tional biopsy. ciDNA analysis 1s a noninvasive and rapid
alternative method of detecting and monitoring genomic
alternations throughout the course of disease. The available
techniques allow DNA extraction from cells/tissues of dii-
terent origins. Diflerent protocols can be used, commercial-
1zed as “kits” which can be used to extract nucleic acids
from different maternials (biological fluids, cell cultures,
fresh or frozen tissue samples). ciDNA concentration 1s
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2

usually very low and ciDNA 1s highly fragmented with short
peak fragment (e.g. smaller than 250 bp). In particular,

nucleic acids of about 160-165 bp usually appear 1n urine
which 1s a more desirable sample type for liquid biopsy.
Thus the extraction method for the 1solation of cIDNA from
biological samples can significantly affect the vyield of
cIDNA which may further aflect characteristics of difierent
tests and degrees of clinical validation.

The challenge here 1s to 1solate, purily, and concentrate
the very rare and sparse nucleic acid fragments against a
complex background of biological matrix. Often times the
yield of relevant fragments 1s so low that subsequent PCR
results may not have suflicient diagnostic sensitivity and
specificity. Therefore, 1t 1s of utmost urgency that a new and
more eflective method of 1solation, purification, and con-
centration of nucleic acid fragments smaller than 250 bp to
be developed.

A variety of different methods have been developed for
the 1solation of nucleic acids from biological samples, for
example, methods that involve selective adsorption of
nucleic acids to a substrate, and methods that involve
removal of contaminants from soluble nucleic acids. Pres-
ently available purification methods are based on the use of
phenol/chloroform, salting out, the use of chaotropic salts
and silica resins, the use of aflinity resins, 1on exchange
chromatography and the use of magnetic beads as described
in U.S. Pat. Nos. 5,057,426, 4,923,978, EP Patents 0512767
Al and EP 05154848 and WO 95/13368, WO 97/10331 and
WO 96/18731.

There are also known processes for purifying plasmid
DNA by the aqueous two-phase system (ATPS) which 1s
described 1n W0O2004/106516 and Purnfication of plasmid
DNA vectors by aqueous two-phase extraction and hydro-
phobic interaction chromatography, Journal of Chromatog-
raphy A, 1082 (2005), 176-184. Both of the processes
disclosed the use of ATPS for the plasmid DNA purification
but none of them were designed for 1solating nucleic acid
with a length of 230 bp or below. It 1s not expected that
existing processes for puritying large nucleic acid molecule
1s able to purily short nucleic acids of 250 bp or less with
suflicient purity for satisfactory performance of downstream
applications.

The need for preparing biological samples specifically for
isolating, purifying, and concentrating nucleic acid frag-
ments of 250 bp or smaller 1s very significant in both the
arena of research and industry, but this need is largely unmet
by existing methods. Although various methods of using
different chemical formulations to achieve species separa-
tion 1n aqueous systems have been described, no success-
tully attempt has been taken to use such possibilities for the
1solation, purification and concentration of nucleic acid
fragments of 250 bp or smaller 1n a time-eflicient, cost-
cllective, simple, rapid manner that also delivers superior
yields, which the present invention has demonstrated to have
achieved.

SUMMARY OF THE INVENTION

The present invention relates to the 1solation, concentra-
tion and/or purification of short nucleic acid fragments 1n an
aqueous two-phase system (ATPS). In one embodiment, the
present mvention provides a method of using an ATPS {for
the 1solation, concentration and/or purification of short
nucleic acid fragments having about or less than 250 base
pairs (bp). In one embodiment, the present invention pro-
vides a composition and kit for the purification of short
nucleic acid fragments having about or less than 250 base
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pairs from nucleic acid-containing biological materials. In
another embodiment, the present invention provides a use of
certain salts and/or polymers 1n an ATPS for the purification
ol short nucleic acid fragments having about or less than 250

base pairs from nucleic acid containing—biological mate-
rials.

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1A and 1B show phase separation induced by the
addition of polymer and salt. The tube 1n FIG. 1A consists
of two separated phases with a top/bottom phase volume
ratio of 1:1. The tube 1n FIG. 1B shows two separated phases
with a top/bottom phase volume ratio of 9:1. By adjusting
ATPS components, the volume ratio of top phase to bottom
phase can be changed from 1:1 to 9:1, and can be further
altered to concentrate a target molecule into the phase with
a smaller volume. FIG. 1B shows a typical scenario in which
the target molecule was concentrated 1n the bottom phase
(shown 1n darker color).

FI1G. 2 shows a gel electrophoresis image of DNA purified
by one embodiment of the present invention.

FIG. 3 shows a gel electrophoresis image of nucleic acids
of different sizes partitioned into two different phases
according to one embodiment of the present invention.

FIG. 4 shows the % recovery of DNA of different sizes
extracted according to one embodiment of the present inven-
tion.

FIG. 5 compares the % recovery of DNA of diflerent sizes

extracted by one embodiment of the present imnvention and
by the QIAamp Blood DNA min1 kit.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

In the following description, several embodiments of the

invention are described. For purposes of explanation, spe-
cific configurations and details are set forth in order to
provide a thorough understanding of the embodiments. In
addition, to the plural or singular forms of a word and to the
extent that orientations ol the embodiments are described as,
“top”, “bottom”, “front™, “back™. “left”, “right” and the like.
These wordings are to aid the reader in understanding the
embodiments and are not meant to be limiting physically. It
1s apparent to a person skilled in the art that the present
invention may be practiced without specific details. The
invention will be better understood by reference to the
examples which follow, but those skilled in the art will
readily appreciate that the specific examples are for illus-
trative purposes only and should not limit the scope of the
invention which i1s defined by the claims which follow
thereatfter. It 1s to be noted that the transitional term “com-
prising” or “including”, which 1s synonymous with “con-
taining” or “characterized by”, 1s inclusive or open-ended
and does not exclude additional, unrecited elements or
method steps.
In the present invention, an aqueous two-phase system
(ATPS) has been adapted for the isolation, concentration
and/or purification of short nucleic acid fragments having
about or less than 250 base pairs (bp) from various biologi-
cal matenals.

In one embodiment, the present invention provides a
method of using an aqueous two-phase system (ATPS) for
the 1solation, concentration and/or purification of short
nucleic acid fragments having about or less than 250 base
pairs (bp). In one embodiment, the method comprises the
steps of
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(a) providing an ATPS composition; and

(b) contacting or mixing said ATPS composition with a
sample solution comprising the short nucleic acid frag-
ments,

(¢) allowing a mixture of said ATPS and the sample
solution to separate into a first phase and a second
phase,

wherein the short nucleic acid fragments partition into the
first phase solution or the second phase solution, thereby
1solating and concentrating the short nucleic acid fragments.

In one embodiment, the present imvention provides a
composition for 1solating and concentrating nucleic acid
fragments of 250 bp or less from a sample, the composition
comprises a first phase component and a second phase
component capable of forming an aqueous two phase system
(ATPS) when the components are dissolved in an aqueous
solution. In one embodiment, the first phase component 1s
one or more of polymer, salt or micellar solution. In one
embodiment, the second phase 1s one or more of polymer,
salt or micellar solution. In one embodiment, the first phase
component 1s a polymer and the second phase 1s a salt. In
one embodiment, the nucleic acid fragments of 250 bp or
less are concentrated in one phase.

In one embodiment, the present immvention provides a
method for 1solating and concentrating nucleic acid frag-
ments of 250 bp or less from a sample, the method mixes a
composition described herein with a sample solution com-
prising the short nucleic acid fragments, thereby 1solating
and concentrating the short nucleic acid fragments.

In one embodiment, the short nucleic acid fragments are

coding DNA, non-coding DNA, messenger RNA, ribosomal
RNA, micro-RNA or transfer RNA. In one embodiment, the

short nucleic acid fragments are cell-free DNA or circulating
tumor DNA.

ATPS (Aqueous Two-Phase System)

Similar to an oil-water system, an ATPS consists of two
distinct liquid phases, the ratios of which can easily be
controlled. Biomolecules suspended in the ATPS system
partition 1nto one of the two aqueous phases based on their
physicochemical properties (e.g., hydrophilicity and inter-
facial tension of the two phases), thereby concentrating the
biomolecules of interest.

In one embodiment, the present invention provides a
two-component Aqueous Two-Phase System (ATPS) for
1solating/concentrating/purifying/recovering one or more
short nucleic acid fragments or target molecules (e.g. a
nucleic acid molecule) from a sample. Diflerent molecules
in a mixture would be distributed differentially between the
two phases due to their diflerent properties, and it 1s possible
to separate and concentrate target molecules using ATPS
with minimal set up and human mtervention. In one embodi-
ment, no power or equipment 1s necessary to bring about the
phase separation, as the fluid flow relies purely on capillary
action which 1s based on i1sothermal-dynamic principles.

The advantage of this mvention 1s that high purity and
concentration of the target molecule can be obtained 1n a
simple way and compatible with downstream applications
including but not limited to amplification (e.g. by PCR),
sequencing, labeling or detection (e.g. by hybridization or
Lateral-Flow Immunoassay (LFA)) without further step of
purification or concentration.

The methods and devices provided herein are robust,
inexpensive, simple, easy to handle, safe, user friendly and
fast. The present method is able to purily and concentrate
one or more short nucleic acid fragments or target molecules
and thereby ensures the performance of the downstream
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applications using the purified and concentrated molecule
will not be affected by impurities 1n the orniginal sample.

Because of the unmique features described herein, the
present 1nvention can purily and concentrate the target
molecule conveniently and rapidly without the use of com-
plex mstrumentation, and 1s applicable to samples contain-
ing the one or more short nucleic acid fragments or target
molecules 1 a very low amount, or of a small volume.
Furthermore, the present method 1s readily adaptable to
automation including high throughput screening systems.
Use of ATPS (Aqueous Two-Phase System) for Isolating
and/or Concentrating Small Fragments of Nucleic Acids

In one embodiment, the present invention 1s used to
1solate, purily, recover and concentrate one or more short
nucleic acid fragments or target molecules from a sample. In
one embodiment, the present invention 1s able to separate the
one or more short nucleic acid fragments or target molecules
from non-target molecules, and concentrate the target
nucleic acid molecules simultaneously.

In one embodiment of the present mmvention, the short

nucleic acid fragments or target molecules are retained on
the ATPS-embedded porous material while non-target mate-
rials are left 1n the liquid system (1.e., original sample plus
any non-ATPS components). In one embodiment, the non-
target materials are retained on the ATPS-embedded porous
material while the short nucleic acid fragments or target
molecules are lett in the liquid system (1.e., original sample
plus any non-ATPS components).
In the present invention, aqueous two-phase system
(ATPS) has been adapted for the 1solation, concentration
and/or purification of short nucleic acid fragments having
about or less than 2350 base pairs from various biological
materials.

In one embodiment, the present invention provides a
method of using an aqueous two-phase system (ATPS) for
the 1solation, concentration and/or purification of short
nucleic acid fragments having about or less than 250 base
pairs. In one embodiment, the method comprises the steps of

(a) providing an ATPS composition comprising a {first

phase solution and a second phase solution; and

(b) contacting said ATPS composition with a sample

solution comprising the short nucleic acid fragments,
and
allowing the short nucleic acid fragments to concentrate 1n
the first phase solution or the second phase solution, thereby
1solating, concentrating and/or purifying the short nucleic
acid fragments.

In one embodiment, the ATPS composition 1s a mixed
phase solution of ATPS components comprising polymers,
salts and surfactants. In one embodiment, the composition
separates 1nto the first phase solution and the second phase
solution after i1t 1s contacted with the sample solution,
thereby initiates a phase separation.

In one embodiment, the nucleic acids are cell-free DNA
(cIDNA). As used herein, “cell-free DNA” (ciDNA) 1s DNA
that 1s present outside a cell, e.g., DNA present 1n the blood,
plasma, serum, or urine of a subject. Without being bound by
any particular theory or mechanism, it 1s believed that
cIDNA 1s released or originated from cells, e.g., via apop-
tosis of the cells. As used herein, “native cfDNA” or
“ctDNA of the subject” refers to cell-free DNA released or
originated from cells (e.g., non-cancerous cells) of the
subject. As used herein, “non-native cdDNA™ or “ciDNA
not native to the subject” refers to cell-free DNA from a
non-native source that differs from the ciIDNA of the subject
in terms of sequence, e.g., a diflerence 1n sequence 1dentity
at one or more loci including but not limiting to those
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described herein. Examples of non-native DNA include, but
are not limited to, transplant donor DNA and cancer/tumor
DNA. Examples of non-native cdDNA 1nclude, but are not
limited to, transplant donor ciDNA (also referred to herein
as donor specific cIDNA) and tumor cIDNA (also referred to
herein as cancer-specific cI-DNA). The source of non-native
cI-DNA depends upon the subject. As another example,
non-native ciDNA includes bacterial, fungal and viral DNA.
For example, 11 a subject 1s a transplant recipient, non-native
cDNA may be shed from the donated transplanted organ
(donor specific ctIDNA) and native cIDNA may be shed by
cells from the host/subject (host ciI-DNA). If the subject has
cancer, non-native ci-DNA may be shed, e.g., by a tumor
and/or metastasis (cancer-specific ci-DNA), and native ci-
DNA may be shed, e.g., by noncancerous cells of the
subject.

In one embodiment, the nucleic acids are circulating
tumor DNA (ctDNA) that are present 1n the plasma or serum
ol cancer patients

In one embodiment, short nucleic acid fragments subject
to the present invention are equal to or smaller than 250 bp
in size. In another embodiment, the short nucleic acid
fragments are 160-165 bp 1n size. In another embodiment,
the short nucleic acid fragments are about 20, 30, 40, 30, 60,
70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 210, 220, 230, 240 or 250 bp 1n size.

In one embodiment, the short nucleic acid fragments are
partitioned 1nto the first phase solution. In another embodi-
ment, the short nucleic acid fragments are partitioned into
the second phase. In another embodiment, the short nucleic
acid fragments are partitioned into the interface of the first
phase solution and the second phase solution.

In one embodiment, the sample solution i1s a nucleic
acid-containing sample or nucleic acid-containing biological
material. The significance of the present invention 1s in the
treatment and preparation ol nucleic acids-containing
samples and nucleic acid-containing biological materials,
which include but not limited to tissues, blood, plasma,
serum, cerebrospinal fluid (CSF), urine, saliva, fecal mat-
ters, and discharges such as tears, sputum, nasopharyngeal
mucus, vaginal discharge, penile discharge.

Various AIPS systems that can be used in various
embodiments of the present invention includes, but are not
limited to, polymer-salt (e.g. PEG-salt), polymer-polymer
(e.g. PEG-dextran, PEG-polyacrylate), micellar (e.g. Triton
X-114), salt-micellar (e.g. salt-Triton X-114) or polymer-
micellar (e.g. PEG-Trniton X-114).

In one embodiment, the first and/or second phase solution
comprises a polymer. In one embodiment, the polymer
includes, but 1s not limited to, polyalkylene glycols, such as
hydrophobically modified polyalkylene glycols, poly(oxy-
alkylene)polymers, poly(oxyalkylene)copolymers, such as
hydrophobically modified poly(oxyalkylene)copolymers,
polyvinyl pyrrolidone, polyvinyl alcohol (PVA), polyvinyl
caprolactam, polyvinyl methylether, alkoxylated surfactants,
alkoxvylated starches, alkoxylated cellulose, alkyl hydroxy-
alkyl cellulose, silicone-modified polyethers, and poly
N-1sopropylacrylamide and copolymers thereof. In another
embodiment, the first polymer comprises polyethylene gly-
col, polypropylene glycol, polyacrylate or dextran. In one
embodiment, the polymer 1s UCON™ polymer (Dow
Chemical Company) or Ficoll™ polymer (Sigma-Aldrich).

In one embodiment, the polymer concentration of the first
phase solution or second phase solution 1s in the range of
about 0.01% to about 90% by weight of the total weight of
the aqueous solution (w/w). In various embodiments, the
polymer solution 1s selected from a polymer solution that 1s
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about 0.01% w/w, about 0.05% w/w, about 0.1% w/w, about
0.15% w/w, about 0.2% w/w, about 0.25% w/w, about 0.3%
w/w, about 0.35% w/w, about 0.4% w/w, about 0.45% w/w,
about 0.5% w/w, about 0.55% w/w, about 0.6% w/w, about
0.65% w/w, about 0.7% w/w, about 0.75% w/w, about 0.8%
w/w, about 0.85% w/w, about 0.9% w/w, about 0.95% w/w,
or about 1% w/w. In some embodiments, the polymer
solution 1s selected from polymer solution that 1s about 1%
w/w, about 2% w/w, about 3% w/w, about 4% w/w, about
5% w/w, about 6% w/w, about 7% w/w, about 8% w/w,
about 9% w/w, about 10% w/w, about 11% w/w, about 12%
w/w, about 13% w/w, about 14% w/w, about 15% w/w,
about 16% w/w, about 17% w/w, about 18% w/w, about 19%
w/w, about 20% w/w, about 21% w/w, about 22% w/w,
about 23% w/w, about 24% w/w, about 25% w/w, about 26%
w/w, about 27% w/w, about 28% w/w, about 29% w/w,
about 30% w/w, about 31% w/w, about 32% w/w, about 33%
w/w, about 34% w/w, about 35% w/w, about 36% w/w,
about 37% w/w, about 38% w/w, about 39% w/w, about 40%
w/w, about 41% w/w, about 42% w/w, about 43% w/w,
about 44% w/w, about 45% w/w, about 46% w/w, about 47%
w/w, about 48% w/w, about 49% w/w, and about 50% w/w.
In one embodiment, the concentration of polymer 1s about
0.01% to 40% w/w. In one embodiment, the concentration of
polymer 1s about 6% to 35% w/w. In one embodiment, the
concentration of polymer 1s about 10% to 30% w/w.

In one embodiment, the first and/or second phase solution
comprises a salt and thereby forms a salt solution. In one
embodiment, the salt subject to the present invention
includes but 1s not limited to kosmotropic salts, chaotropic
salts, 1norganic salts containing cations such as straight or
branched trimethyl ammonium, triethyl ammonium, tripro-
pyl ammonium, tributyl ammonium, tetramethyl ammo-
nium, tetracthyl ammonium, tetrapropyl ammonium and
tetrabutyl ammonium, and anions such as phosphates, sul-

phate, nitrate, chloride and hydrogen carbonate. In another
embodiment, the salt can be NaCl, Na,PO,, NaH,PO,,
Na,HPO,, K PO,, KH,PO,, K. HPO,, Na,SO,, NaHSO,,
potassium citrate, (NHA),SO,, sodium citrate, sodium
acetate or combinations thereof. Other salts, e.g. ammonium
acetate, may also be used. In one embodiment, two or more
salts are used for adjusting the pH value or altering the
interfacial tension between the phases.

In one embodiment, the total salt concentration 1s 1n the
range of about 0.01% to about 90%. A skilled person 1n the
art will understand that the amount of salt needed to form an
aqueous two-phase system will be mfluenced by molecular
weight, concentration and physical status of the polymer.

In various embodiments, the salt solution 1s about 0.001%
to 90% w/w. In various embodiments, the salt solution 1s
about 0.01% w/w, about 0.05% w/w, about 0.1% w/w, about
0.15% w/w, about 0.2% w/w, about 0.25% w/w, about 0.3%
w/w, about 0.35% w/w, about 0.4% w/w, about 0.45% w/w,
about 0.5% w/w, about 0.55% w/w, about 0.6% w/w, about
0.65% w/w, about 0.7% w/w, about 0.75% w/w, about 0.8%
w/w, about 0.85% w/w, about 0.9% w/w, about 0.95% w/w,
or about 1% w/w. In some embodiments, the salt solution 1s
about 1% w/w, about 2% w/w, about 3% w/w, about 4%
w/w, about 5% w/w, about 6% w/w, about 7% w/w, about
8% w/w, about 9% w/w, about 10% w/w, about 11% w/w,
about 12% w/w, about 13% w/w, about 14% w/w, about 15%
w/w, about 16% w/w, about 17% w/w, about 18% w/w,
about 19% w/w, about 20% w/w, about 21% w/w, about 22%
w/w, about 23% w/w, about 24% w/w, about 25% w/w,
about 26% w/w, about 27% w/w, about 28% w/w, about 29%
w/w, about 30% w/w, about 31% w/w, about 32% w/w,
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w/w, about 37% w/w, about 38% w/w, about 39% w/w,
about 40% w/w, about 41% w/w, about 42% w/w, about 43%
w/w, about 44% w/w, about 45% w/w, about 46% w/w,
about 47% w/w, about 48% w/w, about 49% w/w, and about
50% w/w. In one embodiment, the concentration of salt 1s
about 2% to 40% w/w. In one embodiment, the concentra-
tion of salt 1s about 3% to 30% w/w. In one embodiment, the
concentration of salt 1s about 5% to 20% w/w.

In one embodiment, the first phase solution and/or the
second phase solution comprises a solvent that 1s immuiscible
with water. In some embodiments, the solvent comprises a
non-polar organic solvent. In some embodiments, the sol-
vent comprises an oil. In some embodiments, the solvent can
be pentane, cyclopentane, benzene, 1,4-dioxane, diethyl
ether, dichloromethane, chloroform, toluene or hexane.

In one embodiment, the first phase solution and/or second
phase solution comprises a micellar solution. In some
embodiments, the micellar solution comprises a nonionic
surfactant. In some embodiments, the micellar solution
comprises a detergent. In some embodiments, the micellar
solution comprises Triton-X. In some embodiments, the
micellar solution comprises a polymer similar to Triton-X,
such as Igepal CA-630 and Nonidet P-40. In some embodi-
ments, the micellar solution comprises essentially of
Triton-X.

In one embodiment, the first phase solution comprises a
micellar solution and the second phase solution comprises a
polymer. In one embodiment, the second phase solution
comprises a micellar solution and the first phase solution
comprises a polymer. In one embodiment, the first phase
solution comprises a micellar solution and the second phase
solution comprises a salt. In one embodiment, the second
phase solution comprises a micellar solution and the first
phase solution comprises a salt. In one embodiment, the
micellar solution 1s a Triton-X solution. In one embodiment,
the first phase solution comprises a first polymer and the
second phase solution comprises a second polymer. In one
embodiment, the first/second polymer 1s selected from poly-
cthylene glycol and dextran. In one embodiments, the first
phase solution comprises a polymer and the second phase
solution comprises a salt. In one embodiment, the second
phase solution comprises a polymer and the first phase
solution comprises a salt. In some embodiments, the first
phase solution comprises polyethylene glycol and the sec-
ond phase solution comprises potassium phosphate. In some
embodiments, the second phase solution comprises polyeth-
yvlene glycol and the first phase solution comprises potas-
sium phosphate. In one embodiment, the first phase solution
comprises a salt and the second phase solution comprises a
salt. In one embodiment, the first phase solution comprises
a kosmotropic salt and the second phase solution comprises
a chaotropic salt. In some embodiments, the second phase
solution comprises a kosmotropic salt and the first phase
solution comprises a chaotropic salt.

In one embodiment, ratios of the first phase solution to the
second phase solution are in the range of 1:1 to 1:1000. In
some embodiments, the ratio of the first phase solution to the
second phase solution can be a ratio of about 1:1, about 1:2,
about 1:3, about 1:4, about 1:5, about 1:6, about 1:7, about
1:8, about 1:9, and about 1:10. In some embodiments the
ratio of the first phase solution to the second phase solution
can be a ratio of about 1-20, about 1:30, about 1:40, about
1:50, about 1:60, about 1:70, about 1:80, about 1:90, and
about 1:100. In some embodiments the ratio of the first

phase solution to the second phase solution 1s about 1:200,
about 1:300, about 1:400, about 1:500, about 1:600, about

1:700, about 1:800, about 1:900, and about 1:1000.
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In one embodiment, the ratio of the second phase solution
to the first phase solution 1s about 1:1, about 1:2, about 1:3,
about 1:4, about 1:5, about 1:6, about 1:7, about 1:8, about
1-9, or about 1:10. In some embodiments the ratio of the
second phase solution to the first phase solution 1s about
1:20, about 1:30, about 1:40, about 1:50, about 1:60, about
1:70, about 1:80, about 1:90, or about 1:100. In some
embodiments the ratio of the second phase solution to the
first phase solution 1s about 1-200, about 1:300, about 1:400,
about 1:500, about 1:600, about 1:700, about 1:800, about
1:900, or about 1:1000.

In one embodiment where the first phase solution and the
second phase solution of the ATPS are polymer, after the
phase separation of the mixture of the ATPS and sample, the
polymer concentration of the first phase solution or second
phase solution 1s 1n the range of about 0.01% to about 90%
by weight of the total weight of the aqueous solution (w/w).
In various embodiments, the concentration 1s about 0.01%
w/w, about 0.05% w/w, about 0.1% w/w, about 0.15% w/w,
about 0.2% w/w, about 0.25% w/w, about 0.3% w/w, about
0.35% w/w, about 0.4% w/w, about 0.45% w/w, about 0.5%
w/w, about 0.55% w/w, about 0.6% w/w, about 0.65% w/w,
about 0.7% w/w, about 0.75% w/w, about 0.8% w/w, about
0.85% w/w, about 0.9% w/w, about 0.95% w/w, or about 1%
w/w. In some embodiments, the salt solution 1s selected from
polymer solution that 1s about 1% w/w, about 2% w/w, about
3% w/w, about 4% w/w, about 5% w/w, about 6% w/w,
about 7% w/w, about 8% w/w, about 9% w/w, about 10%
w/w, about 11% w/w, about 12% w/w, about 13% w/w, about
14% w/w, about 15% w/w, about 16% w/w, about 17% w/w,
about 18% w/w, about 19% w/w, about 20% w/w, about 21%
w/w, about 22% w/w, about 23% w/w, about 24% w/w,
about 25% w/w, about 26% w/w, about 27% w/w, about 28%
w/w, about 29% w/w, about 30% w/w, about 31% w/w,
about 32% w/w, about 33% w/w, about 34% w/w, about 35%
w/w, about 36% w/w, about 37% w/w, about 38% w/w,
about 39% w/w, about 40% w/w, about 41% w/w, about 42%
w/w, about 43% w/w, about 44% w/w, about 45% w/w,
about 46% w/w, about 47% w/w, about 48% w/w, about 49%
w/w, and about 50% w/w. In one embodiment, the polymer
concentration in the first phase solution 1s about 10% to 50%
w/w while the concentration in the second phase solution 1s
about 0.01% to 6% w/w. In another embodiment, the poly-
mer concentration 1n the first phase solution 1s about 22% to
45% w/w while the concentration 1n the other phase 1s about
0.01% to 4% w/w.

In various embodiments where the first phase solution and
the second phase solution of the ATPS are salt, after the
phase separation of the mixture of the ATPS and sample, the
salt concentration of the first phase solution or second phase
solution 1s about 0.001% to 90% w/w. In various embodi-
ments, the salt concentration 1s about 0.01% w/w, about
0.05% w/w, about 0.1% w/w, about 0.15% w/w, about 0.2%
w/w, about 0.25% w/w, about 0.3% w/w, about 0.35% w/w,
about 0.4% w/w, about 0.45% w/w, about 0.5% w/w, about
0.55% w/w, about 0.6% w/w, about 0.65% w/w, about 0.7%
w/w, about 0.75% w/w, about 0.8% w/w, about 0.85% w/w,
about 0.9% w/w, about 0.95% w/w, or about 1% w/w. In
some embodiments, the salt solution 1s selected from poly-
mer solution that 1s about 1% w/w, about 2% w/w, about 3%
w/w, about 4% w/w, about 5% w/w, about 6% w/w, about
7% w/w, about 8% w/w, about 9% w/w, about 10% w/w,
about 11% w/w, about 12% w/w, about 13% w/w, about 14%
w/w, about 15% w/w, about 16% w/w, about 17% w/w,
about 18% w/w, about 19% w/w, about 20% w/w, about 21%
w/w, about 22% w/w, about 23% w/w, about 24% w/w,
about 25% w/w, about 26% w/w, about 27% w/w, about 28%
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w/w, about 29% w/w, about 30% w/w, about 31% w/w,
about 32% w/w, about 33% w/w, about 34% w/w, about 35%
w/w, about 36% w/w, about 37% w/w, about 38% w/w,
about 39% w/w, about 40% w/w, about 41% w/w, about 42%
w/w, about 43% w/w, about 44% w/w, about 45% w/w,
about 46% w/w, about 47% w/w, about 48% w/w, about 49%
w/w, and about 50% w/w. In one embodiment, the concen-
tration of salt 1n the first phase 1s about 0.01% to 10% w/w
and the concentration of salt 1n second phase 1s about 20%
to 40% w/w. In another embodiment, the concentration of
salt 1n the first phase 1s about 0.01% to 6% w/w and the
concentration of salt 1n the second phase 1s about 22% to
35% wiw.

In one embodiment, the present invention provides a
composition for 1solating and/or concentrating short nucleic
acid fragments, the composition comprises components that
are capable of forming an Aqueous Two-Phase System
(ATPS).

In one embodiment, the present composition comprises a
mixed phase solution comprising a first phase solution and
a second phase solution, including those described in the
preceding description.

In one embodiment, the present composition for 1solating,
and/or concentrating short nucleic acid fragments comprises
polyethylene glycol (PEG) 6000 and potassium phosphate
dibasic (K,HPQO,). In one embodiment, the present compo-
sition for 1solating and/or concentrating short nucleic acid
fragments comprises about 35-20% polyethylene glycol
(PEG) 6000 and 5-35% K,HPO,. In another embodiment,
the present composition for 1solating and/or concentrating
short nucleic acid fragments comprises 8% polyethylene
glycol (PEG) 6000 and 22% K, HPO.,,.

In one embodiment, the present composition for 1solating,

and/or concentrating short nucleic acid fragments comprises
polyethylene glycol (PEG) 1000 and K,HPO,. In one

embodiment, the present composition for 1solating and/or
concentrating short nucleic acid fragments comprises about
10-30% polyethylene glycol (PEG) 1000 and 5-20%
K,HPO,. In another embodiment, the present composition
for 1solating and/or concentrating short nucleic acid frag-
ments comprises 15% polyethylene glycol (PEG) 1000 and
15% K,HPO,.

In one embodiment, the present composition for 1solating,
and/or concentrating short nucleic acid fragments comprises
polyethylene glycol (PEG) 1000 and a mixture of potassium
phosphate dibasic (K.HPO,) and potasstum phosphate
monobasic (KH,PO,).

Adjustment of Concentration Factors

By way of illustration, in some embodiments, the target
short nucleic acid fragments are concentrated by 10-fold 1n
the first phase solution, e.g., by using a 1:9 volume ratio of
first phase solution to second phase solution.

In one embodiment, the relative amounts of ATPS com-
ponents can be changed. The volume ratio of the two
components of ATPS are controlled so as to 1solate/purity/
concentrate/recover the short nucleic acid fragments or
target molecules preferentially 1n one phase.

To better quantily the phenomena associated with the
present invention, an assay was developed to evaluate the
correlation between the relative amounts of ATPS compo-
nents and the achieved outcome (e.g., efliciency of concen-
tration/isolation/recovery). With this, the concentration fac-
tor, 1solation efliciency and recovery rate can be selected and
fine-tuned by adjusting the relative amount of the ATPS
components.

In one embodiment, the ratio between the two phases 1n
an ATPS can be easily controlled by varying concentrations
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of ATPS components. FIGS. 1A-B show phase separation
concentration induced by the addition of different ATPS
components (e.g. polymer and salt) to the solution. ATPS
components and sample were mixed 1:1. By adjusting ATPS
components, the mixture phase separates and the target
molecules partition into one of the two phases. FIG. 1B
shows that the target molecule was concentrated 1n the
bottom phase with a 9:1 volume ratio. The volume ratio of
top phase to bottom phase can be further altered to concen-
trate the target molecule 1n a phase with a smaller volume.

In another embodiment, by adjusting the ATPS compo-
nents (for example, adding additional ATPS component(s) of
the same or different types to the mixture, or altering the
relative volume or concentration of ATPS components to be
added to the mixture when preparing the final solution, or
adjusting the volume of sample solution to be added to the
system when preparing the final solution), the relative vol-
ume or concentration of ATPS components in the final
mixture can be altered. In one embodiment, the volume ratio
ol top phase to bottom phase can be changed from 1:1 to 9:1,
or higher ratios. This phenomenon can be leveraged to
concentrate a target molecule without the need for power,
equipment, or training. In a simple medium, such as water
or a saline solution, this 1s trivial to reproduce; however,
given a complex medium (e.g. saliva, blood, urine, plasma,
serum, cerebrospinal fluid (CSF), fecal matters, and dis-
charges such as tears, sputum, nasopharyngeal mucus, vagi-
nal discharge and penile discharge) that has high varnability
and potentially other interfering substances, 1t 1s more dii-
ficult to achieve a useful volume ratio. Removing interfering
substances from the complex medium may help.

For example, citric acid can be used to remove urea from
urine, or trichloroacetic acid can be used to remove protein
from saliva 1n some embodiments of this invention.
Design of ATPS-Embedded Porous Matenal

In one embodiment, the present method provides a porous
material embedded with ATPS components. In one embodi-
ment, the short nucleic acid fragments can be 1solated and
concentrated as the sample travels through the porous mate-
rial embedded with ATPS components. In one embodiment,
the 1solated and concentrated short nucleic acid fragments
are collected from the porous material directly for subse-
quent analysis or storage.

Porous material may be made of any suitable porous
material which can absorb and transter liquid. Suitable
porous materials for this invention include but are not
limited to fiberglass paper, cotton-based paper, other types of
paper, polymer foams, cellulose foams, other types of foams,
rayon fabric, cotton fabric, other types of fabric, wood,
stones, and any other materials that can absorb and transfer
liquad.

In one embodiment, the ATPS comprises a mixed phase
solution comprising a first phase solution and a second phase
solution, wherein components of the first phase solution and
components of the second phase solution are embedded 1n
said porous material at a concentration or a loading that 1s
suilicient to undergo a phase separation as the mixed phase
solution flows through the porous material.

In one embodiment, the ATPS components are embedded
in said porous material at a concentration or a loading that
1s suflicient to undergo a phase separation as the mixed
phase solution tlows through the porous material.

In one embodiment, some of the ATPS components are
embedded in the porous material and then dehydrated prior
to the addition of a sample containing the target nucleic acid
fragments to said porous materal.
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In one embodiment, some of the ATPS components are
embedded i1n the porous material and then dehydrated (the
“pre-treated porous material”), while the remaining ATPS
components are first mixed with a sample containing the
target nucleic acid fragments and then subject to subsequent
1solation and concentration through phase separation within
the pre-treated porous material.

In one embodiment, some ATPS components are first
mixed with a sample containing the short nucleic acid
fragments, the resulting mixture i1s then embedded in the
porous material; the remaining ATPS components are then
added to the porous material for subsequent 1solation/con-
centration through phase separation within the porous mate-
rial.

In one embodiment, the short nucleic acid fragments are
in contact with the mixture of ATPS components or mixed
with ATPS components, and partitions into the first phase
solution, the second phase solution or the interface (or
interphase) between the first phase solution and the second
phase solution as 1t travels through the porous material.

In one embodiment, there i1s provided a two-component
ATPS (aqueous two-phase system) within a porous material
for separating short nucleic acid fragments and long nucleic
acid molecules 1n a sample. In one embodiment, the short
nucleic acid fragments and the long nucleic acid molecules
partition into different phases of the ATPS as the ATPS
undergoes phase separation within the porous material.

In one embodiment, the porous maternial and ATPS are
selected so that the first phase solution flows through the
porous matrix at a first rate and the second phase solution
flows through the porous matrix at a second rate, wherein the
first rate and the second rate are different.

In one embodiment, the porous material 1s commercially
available or manufactured in-house.

In one embodiment, to integrate the ATPS components
into the porous material, the ATPS components are solubi-
lized 1 water (or appropriate bufller) and applied on the
porous material 1n certain ratios and/or concentrations. The
porous materials are then placed 1n a lyophilizer to remove
water, resulting in the embedment of ATPS components
directly on the porous material. Upon introduction of the
sample to the porous materials, the ATPS components
instantly undergo rehydration and thereby separate the short
nucleic acid fragments or target molecules 1n the sample. In
one embodiment, the short nucleic acid fragments are con-
centrated at the front of the fluid flow. In one embodiment,
no external power or equipment 1s used to provide a driving
force.

Improved Diagnostic Using the Lateral-Flow Immunoassay
(LFA)

The short nucleic acid fragments obtained by the present
method can be subject to detection or analysis using Lateral-
Flow Immunoassay (LFA).

Lateral flow immunoassay (LFA) methods and devices

have been described extensively. See, e.g., Gordon and
Pugh, U.S. Pat. No. 4,956,302; H. Buck, et al., WO

90/06511; T. Wang. U.S. Pat. No. 6,764,825; W. Brown, ¢t
al., U.S. Pat. No. 5,008,080; Kuo and Meritt, U.S. Pat. No.
6,183,972, EP 00987551 A3. Such assays involve the detec-
tion and determination of an analyte substance that i1s a
member of a specific binding pair consisting of a ligand and
a receptor. The ligand and the receptor are related 1n that the
receptor specifically binds to the ligand, being capable of
distinguishing a specific ligand or ligands from other sample
constituents having similar characteristics. Immunological
assays mmvolving reactions between antibodies and antigens
are one such example of a specific binding assay. Other
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examples include DNA and RNA hybridization reactions
and binding reactions involving hormones and other bio-
logical receptors.

In one embodiment, the present invention 1s capable of
concentrating short nucleic acid fragments indicative of a
disease present 1n a subject, the product obtained 1s subject
to downstream diagnostic procedure requiring the detection
or quantification of the short nucleic acid fragments. It 1s
also expected that the present invention can reduce the
signal-to-noise ratio and enhance the positive signal 1n
Lateral-Flow Immunoassay (LFA) since the concentration of
the short nucleic acid fragments have increased. False posi-
tive rate and false negative rate could also be lowered as a
result. The concentration can be improved and therefore 1t 1s
possible to detect molecules which could not be detected due
to their low abundance or interference by impurities 1n the
sample.

It may produce a false negative result 1f the short nucleic
acid fragments has extremely low concentration. In one
embodiment, due to the increased concentration of the short
nucleic acid fragments, the detection limit of LFA 1s
improved. As a result, the reproducibility of the test is
increased.

In one embodiment, this invention provides a composition
for 1solating and concentrating nucleic acid fragments of 250
bp or less from a sample, the composition comprise a first
phase component and a second phase component capable of
forming an aqueous two phase system (ATPS) when the
components are dissolved i an aqueous solution. In one
embodiment, the first phase component 1s a polymer dis-
solving 1n a first phase at a concentration of 5-20 wt %, and
the second phase component 1s a salt dissolving 1n a second
phase at a concentration of 5-35 wt %, and when the nucleic
acid fragments are mixed with the ATPS, the fragments are
concentrated in one of the two phases.

In one embodiment of the present composition, the poly-
mer 1s polyalkylene glycols, poly (oxy alkylene)polymers,
poly(oxyakylene)copolymers, polyvinyl pyrrolidone, poly-
vinyl alcohol, polyvinyl caprolactam, polyvinyl methyle-
ther, alkoxylated surfactants, alkoxylated starches, alkoxy-
lated cellulose, alkyl hydroxyalkyl cellulose, silicone-
modified  polyethers, poly  N-1sopropylacrylamide,
polyethylene glycol, polypropylene glycol, polyacrylate,
dextran, UCON™ polymer or Ficoll™ polymer.

In one embodiment of the present composition, the salt 1s
kosmotropic salts, chaotropic salts, 1norganic salts having a
cation of trimethyl ammonium, triethyl ammonium, tripro-
pyl ammonium, tributyl ammonium, tetramethyl ammo-
nium, tetracthyl ammonium, tetrapropyl ammonium or tet-
rabutyl ammonium, and an amion of phosphate, sulphate,
nitrate, chloride or hydrogen carbonate, sodium chloride,
sodium phosphate, potassium phosphate, sodium sulphate,
potassium citrate, ammonium sulfate, sodium citrate,
sodium acetate or ammonium acetate.

In one embodiment of the present composition, the poly-
mer 1s polyethylene glycol having a molecular weight ranges
from 100 to 10,000 Da.

In one embodiment of the present composition, the salt 1s
one or more of potasstum phosphate dibasic, potassium
phosphate monobasic, sodium chloride, sodium sulphate,
and sodium phosphate.

In one embodiment of the present composition, when the
sample 1s mixed with the composition, the resulting mixture
undergoes phase separation and nucleic acid fragments of
250 bp or less are concentrated in one of the two phases. In
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one embodiment, nucleic acid fragments larger than 250 bp
and fragments of 250 bp or less are concentrated 1n different

phases of the ATPS.

In one embodiment of the present composition, the
nucleic acid fragments are coding DNA, non-coding DNA,
messenger RNA, ribosomal RNA, micro-RNA or transier
RNA. In one embodiment, the nucleic acid fragments are
cell-free DNA or circulating tumor DNA.

In one embodiment of the present composition, the
sample 1s blood, plasma, serum, cerebrospinal fluid, urine,
saliva, fecal matter, tear, sputum, nasopharyngeal mucus,
vaginal discharge or penile discharge.

In one embodiment, this invention provides a method for
1solating and concentrating nucleic acid fragments of 250 bp
or less from a sample, the method comprises:

a) preparing a composition described 1n this application;

b) mixing the composition from step a) with an aqueous
solution containing the sample, allowing the resulting
mixture to partition mnto two phases, and the nucleic
acid fragments are concentrated in one of the two
phases; and

¢) 1solating the nucleic acid fragments from one of the two
phases.

In one embodiment, this invention provides a method for
1solating and concentrating nucleic acid fragments of 250 bp
or less from a sample, the method comprises:

a) preparing a composition comprising a first phase com-
ponent and a second phase component capable of
forming an aqueous two phase system (ATPS) when the
components are dissolved 1n an aqueous solution, and
the first phase component 1s a polymer dissolving 1n a
first phase at a concentration of 3-20 wt %, and the
second phase component 1s a salt dissolving 1n a second
phase at a concentration of 15-25 wt %;

b) mixing the composition from step a) with an aqueous
solution containing the sample, allowing the resulting
mixture to partition into two phases, and the nucleic
acid fragments are concentrated in one of the two
phases; and

¢) 1solating one of the two phases that 1s concentrated with
the nucleic acid fragments.

In one embodiment of the present method, the method
further comprises recovering the nucleic acid fragments
from the phase 1n step c¢).

In one embodiment of the present method, the polymer 1s
polyalkylene glycols, poly (oxy alkylene)polymers, poly
(oxyalkylene)copolymers, polyvinyl pyrrolidone, polyvinyl
alcohol, polyvinyl caprolactam, polyvinyl methylether,
alkoxvylated surfactants, alkoxylated starches, alkoxylated
cellulose, alkyl hydroxyalkyl cellulose, silicone-modified
polyethers, poly N-1sopropylacrylamide, polyethylene gly-
col, polypropylene glycol, polyacrylate dextran, UCON™
polymer or Ficoll™ polymer.

In one embodiment of the present method, the salt 1s
kosmotropic salts, chaotropic salts, inorganic salts having a
cation of trimethyl ammonium, triethyl ammonium, tripro-
pyl ammonium, tributyl ammonium, tetramethyl ammo-
nium, tetracthyl ammonium, tetrapropyl ammonium or tet-
rabutyl ammonium, and an amon of phosphate, sulphate,
nitrate, chloride or hydrogen carbonate, sodium chlonde,
sodium phosphate, potassium phosphate, sodium sulphate,
potassium cifrate, ammomum sulfate, sodium citrate,
sodium acetate or ammonium acetate.

In one embodiment of the present method, the polymer 1s
polyethylene glycol having a molecular weight ranges from

100 to 10,000 Da.
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In one embodiment of the present method, the salt 1s one
or more of potassium phosphate dibasic, potasstum phos-
phate monobasic, sodium chloride, sodium sulphate, and
sodium phosphate.

In one embodiment of the present method, nucleic acid
fragments larger than 2350 bp and fragments of 250 bp or less
are concentrated 1n different phases of the ATPS 1n step b).

In one embodiment of the present method, the nucleic
acid fragments are coding DNA, non-coding DNA, messen-
ger RNA, ribosomal RNA, micro-RNA or transfer RNA. In
one embodiment, the nucleic acid fragments are cell-free
DNA or circulating tumor DNA.

In one embodiment of the present method, the sample 1s
blood, plasma, serum, cerebrospinal fluid, urine, saliva, fecal
matter, tear, sputum, nasopharyngeal mucus, vaginal dis-
charge or penile discharge.

In one embodiment of the present method, the nucleic
acid fragments are concentrated by at least 10 folds as
compared to the sample.

This mvention will be better understood by reference to
the examples which follow. However, one skilled 1n the art
will readily appreciate that the examples provided are
merely for illustrative purposes and are not meant to limit
the scope of the mvention which 1s defined by the claims
tollowing thereafter.

Throughout this application, it 1s to be noted that the
transitional term “comprising”’, which 1s synonymous with
“including”, “containing” or “characterized by”, 1s inclusive
or open-ended, and does not exclude additional, un-recited

clements or method steps.

EXAMPLES

Example 1—Selective Isolation and Concentration
of Short Nucleic Acid Fragments (<250 bp) from
PBS Solution Using Aqueous Two-Phase System

The DNA ladder (GeneRuler 1 kb plus DNA Ladder,

Thermo Fisher Scientific) was spiked into 1 mL of aqueous
two-phase system composed of 11% (w/w) polyethylene
glycol (PEG) 6000 and 20% (w/w) K,HPO, 1n PBS solution
to make a final DNA concentration of 1 ug/ml. After
vortexing thoroughly, the mixtures were centrifuged for 10
s at 10000 rct for phase separation. The volume ratio of top
phase to bottom phase was around 1:3. The top and bottom
phases were extracted and transferred to new tubes respec-
tively. The extracted phases were subjected to ethanol pre-
cipitation and the precipitates were separated by gel elec-
trophoresis so as to visualize the DNA size partition 1n each
phase, as shown 1n FIG. 3. Most of the nucleic acids larger
than 250 bp partitioned into the bottom phase (right lane)
while nucleic acids smaller than 250 bp partitioned into the
top phase (left lane). Since the volume ratio of top phase to
bottom phase was around 1:3, the shorter nucleic acid
fragments were 1solated from the longer nucleic acid frag-

ments and subsequently concentrated into a smaller volume
of solution.

The short nucleic acid fragments obtained from the above
procedures were further analyzed by a LFA, with DNA
sample without concentration by ATPS as a control. Imagel
or Gelanalyzer was used to measure the itensity of the test
line and the results are summarized in below Table 1:
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TABLE 1

Intensity of test line

DNA
concentrated by
ATPS Control
Intensity of test line 60x 1x

Example 2—Selective Isolation and Concentration
of Short Nucleic Acid Fragments (<250 bp) from
Plasma Sample Using Aqueous Two-Phase System

The DNA ladder (GeneRuler Low Range DNA Ladder,
Thermo Fisher Scientific) was spiked into 500 ul of plasma
sample. The spiked plasma sample was added 1n to 500 ul of
aqueous two-phase system composed of 15% (w/w) poly-
cthylene glycol (PEG) 1000 and 153% (w/w) K,HPO, 1n
MilliQQ water to make a final DNA concentration of 1 ug/mlL..
After vortexing thoroughly, the mixtures were centrifuged
for 10 s at 10000 rct for phase separation. The volume ratio
of top phase to bottom phase was around 1:1.

The bottom phase was extracted and added into another
ATPS solution composed of 11% (w/w) polyethylene glycol
(PEG) 6000 and 20% (w/w) K,HPO,. After vortexing
thoroughly, the mixtures were centrifuged for 10 s at 10000
rci for phase separation. The volume ratio of top phase to
bottom phase was around 1:3. The top and bottom phases
were extracted and transierred to new tubes respectively.
The extracted phases were subjected to ethanol precipitation
and the precipitates were separated by gel electrophoresis so
as to visualize the DNA size partition in each section (FIG.
3). Nucleic acids larger than 250 bp partition into bottom
phase (right lane) while nucleic acids smaller than 250 bp
partition into top phase (left lane), and therefore the smaller
s1ze ol nucleic acids were 1solated from the sample solution
and concentrated into a smaller volume of solution.

After 1solation and concentration by the AITPS as
described 1n this example, the recovery of different sizes of
the DNA ladder were estimated (FIG. 4, wherein percentage
of recovery=absolute yield of DNA recovered/amount of
DNA spiked 1n the sample). It was found that DNA that were
smaller than 250 bp were recovered 1n high percentage while
DNA that were larger than 250 bp were significantly dimin-
ished. It demonstrated that the current invention is specific
to capture DNA that were smaller than 250 bp.

Example 3—Comparison of the Aqueous
Two-Phase System with the QIAamp Blood DNA
M Kit (Qiagen)

Digested DNA plasmids of different sizes (250, 200, 150,
100, 75, 30, 25 bp) was spiked into plasma sample to make
a final DNA concentration of 100 ng/ml., 1 mL of the
resulting spiked plasma sample was added ito 1 mL of

aqueous two-phase system composed of 15% (w/w) poly-
cthylene glycol (PEG) 1000 and 153% (w/w) K,HPO, 1n
MilliQQ water. After vortexing thoroughly, the mixtures were
centrifuged for 10 s at 10000 rct for phase separation. The
volume ratio of top phase to bottom phase was around 1:1.

The bottom phase was extracted and added into another
ATPS solution composed of 8% (w/w) polyethylene glycol
(PEG) 6000 and 22% (w/w) K,HPO,. After vortexing
thoroughly, the mixtures were centrifuged for 10 s at 10000
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rct for phase separation. The volume ratio of top phase to
bottom phase was around 1:5. The top phase was extracted
and transierred to new tube.

Another extraction was conducted with 1 mL of the
spiked plasma sample using QIAamp Blood DNA min1 kit
(Qiagen). The 1solation effect on nucleic acids by using two
different methods were compared by an electrophoretic
assay of the 1solated nucleic acids on the Agilent Bioana-
lyzer. The results were shown 1n FIG. 5. As shown 1n FIG.
5, when using the present invention, over 50-80% of nucleic
acids that were shorter than 250 bp (25-200 bp) were
extracted while about 80% of nucleic acids that were of
150-200 bp were extracted. In contrast, 1t was found that
OIAamp Blood DNA mini1 Kit cannot extract any DNA of 25
bp. Therelfore, the present invention showed an improved
performance compared to QIAamp Blood DNA mim Kit.

What 1s claimed 1s:

1. A method for selectively 1solating and concentrating
nucleic acid fragments of 250 bp or less from a sample,
comprising:

a) preparing a composition comprising an aqueous solu-
tion, a first phase component and a second phase
component capable of forming an aqueous two phase
system (ATPS) when the components are dissolved 1n
the aqueous solution such that a first phase solution and
a second phase solution are formed, wherein the first

phase component 1s a polymer to dissolve in the first

phase at a concentration of 5-20 wt %, and the second

phase component 1s a salt to dissolve 1n the second

phase at a concentration of 15-25 wt %; wherein the
polymer 1s polyethylene glycol having a molecular
weight range from 1000 to 6000 Da, and the salt 1s
potassium phosphate dibasic; wherein when the com-
ponents are dissolved in the aqueous solution, the
volume ratio of the first phase solution to the second
phase solution 15 1:1-1:5;

b) mixing the composition from step a) with said sample,
allowing the resulting mixture to partition to two
phases, wherein said nucleic acid fragments are con-
centrated in one of the two phases; and

¢) 1solating one of the two phases that 1s concentrated with
said nucleic acid fragments of 250 bp or less.

2. The method of claim 1, further comprising recovering,

the nucleic acid fragments from the phase 1n step c).

3. The method of claam 1, wherein said polyethylene
glycol 1s polyethylene glycol 6000, present in the weight
concentration of 11% or 8%, and wherein the weight con-
centration of potassium phosphate dibasic 1s 20% or 22%.
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4. The method of claim 1, further comprising the follow-
ing steps before step b):

1) preparing a composition comprising a third phase
component and a fourth phase component forming a
second aqueous two phase system (ATPS) when the
components are dissolved 1in a second aqueous solution,
wherein the third phase component comprises a poly-
mer to dissolve 1n a third phase, and the fourth phase
component comprises a salt to dissolve 1 a fourth

phase, wherein the polymer 1s 10-30% polyethylene
glycol (PEG) 1000 and the salt 1s 5-20% potassium
phosphate dibasic;

11) mixing the composition from step 1) with a sample
solution comprising said nucleic acid fragments, allow-
ing the resulting mixture to partition into two phases,
wherein said nucleic acid fragments are concentrated in
the bottom phase; and

111) 1solating the bottom phase as said sample for step b).

5. The method of claim 1, wherein said nucleic acid

fragments are selected from the group consisting of coding

DNA, non-coding DNA, messenger RNA, ribosomal RNA,
micro-RNA and transifer RNA.

6. The method of claam 1, wherein said nucleic acid
fragments are cell-free DNA or circulating tumor DNA.

7. The method of claim 1, wherein the sample 1s selected
from the group consisting of blood, plasma, serum, cere-
brospinal fluid, urine, saliva, fecal matter, tear, sputum,
nasopharyngeal mucus, vaginal discharge and penile dis-
charge.

8. The method of claim 1, wherein said nucleic acid
fragments are concentrated by at least 10 folds as compared
to said sample.

9. The method of claim 3, wherein the weight concentra-
tion of said polyethylene glycol 1s 11% or 8% and wherein
the weight concentration of said potasstum phosphate diba-
s1¢ 18 20% or 22%.

10. The method of claim 3, wherein the weight concen-
tration of said polyethylene glycol 1s 11% and wherein the
weight concentration of said potassium phosphate dibasic 1s
20%.

11. The method of claim 3, wherein the weight concen-
tration of said polyethylene glycol 1s 8%, and wherein the
welght concentration of said potassium phosphate dibasic 1s
22%.

12. The method of claim 1, wherein said polyethylene
glycol 1s polyethylene glycol 1000.

13. The method of claim 12, wherein the weight concen-
tration of said polyethylene glycol 1s 15%, and the weight
concentration of said potassium phosphate dibasic 1s 15%.
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